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Abstract 
In order to systematize the effects achieved through investment in machinery park of the farm, new indexes were developed: index 
of information technological modernization (ITM) and index of tractors’ replacement (ITR). These indexes allow for the assessment 
of changes in production technology related to the modernization of machinery park and innovation of farms. Studies have showed 
that the most innovative farms, for which ITM index was established at three (ITM = 3), are those farms that are characterized by 
the largest area and simultaneously best equipped with various systems. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Selection of machines and their rational exploitation in different groups of agricultural enterprises are the main 
issues of research of organization and economics of farms in agricultural engineering discipline (Szeptycki and 
Wojcicki, 2003). Upon accession to the EU, farmers in Poland could benefit from the support for investment activities 
in the process of modernization of farms and these measures were and are important elements determining the scale 
and range of modernization of Polish agriculture (Kusz, 2014; Lorencowicz, Cupiał, 2012). The investments 
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undertaken were aimed at realization of various objectives determined by a farmer. However, the investment was 
primarily focused at improving the quality of functioning of the farm while specific objectives were determined in the 
application. One of the methods which determines the impact of the modernization activities carried out may be a 
comparison of the values of investments or referring them to the economic effects. However, this method does not 
allow for comparing technological changes that have occurred as a result of farms’ modernization. The development 
of new indexes was due to the difficult to systematize the results achieved, because of investments in terms of farm 
mechanization. These indexes universally characterize technological changes occurring as a result from modernization 
of the machinery park.  
2. Objective, data and methodology 
a) Index of machines’ replacement (IMR) 
In order to develop the index of machines’ replacement, it was assumed that on the farm, only one out of five cases 
may occur (Table 1). Machines were first assigned to the appropriate groups. Then, groups of machines constituting 
new quality (higher level) in the technologies were established. For example, cultivation & seeding remains at higher 
technological level in relation to the cultivator. 
In Table 1, in columns denoted as Owing and New, information on the status of machines on the farm was 
contained, where "0" denotes no machines, "1" possession or purchase of the machine, while "+1" shows the purchase 
of a machine that changes technological process toward more modern. IMR index for a machine is determined only 
for occurrence of a particular type of investment on the farm. 
 
Table 1. Determination of the IMR index depending on the type of investment. 
Type Owing New IMR Description/remark 
1 0 0 0* No machine, no purchase-* index is not determined 
2 1 0 0 The farm did not change the owing machine 
3 0 1 1 New machine was purchased 
4 1 1 2 Replacement of machine into a newer model 
5 1 +1 3 Introduction of new technology, purchase of a machine of newer generation 
 
In the studies (due to the selection of the study group), Case 1 denoting the lack of machine of a particular group 
on the farm and the lack of purchasing a new one, was not present. Because we aimed at the assessment of relationships 
regarding investments, in this section of calculations, also Case 2 was not considered (i.e. situation in which no new 
machine was purchased). This Case could only be considered in the analysis of machines owned. Because these 
assumptions, for the machines purchased, IMR index was established at a rage between 1 and 3. IMR index was 
determined for an individual investment; it did not concern the farm as a whole. Therefore, it was not included in the 
analysis of farms; however, it provided the basis for subsequent calculations. 
 
b) Index of information technological modernization (IMT) 
Index of information technological modernization was developed based on previously presented index of 
machines’ replacement (IMR). For its determination, farms were classified into four categories (index value 
corresponds with the number category): 
0 – farm does not purchase machines; 
1 – farm buys new machines, and previously had no machines of this type; 
2 – farm replaces machines into newer models without any technological change; 
3 – farm changes production technology through purchasing more technologically-advanced machines. 
Farms that have not purchased new machines, possessed ITM equal to "0", and were not subjected for calculations 
(due to the study group selection, farms that have not benefited from the aids were not considered). 
Assignment of a farm into the appropriate group was dependent on the highest value of IMR index. For example, 
the farm in which it occurred, in relation to at least one group of machines, IMR equal to 3 gained the ITM also equal 
to 3. IMT calculated for the farm indirectly determines the farmer's openness to innovation. 
The study included 286 farms realizing investments using EU funds under the PROW program during 2007–2013. 
The funds were allocated in the following years, during three calls for proposals. Subjects under study were divided 
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into four equal groups, the division criterion was the area of the farm (area) and an economic size unit (ESU).  
3. Results 
Figure 1 presents the percentage proportion of farms characterized by a defined ITM within groups. It may be 
noted that in the following recruitments, percentage proportion of farms with higher ITM increases. It reflects the 
confidence among farmers to introduce new technological solutions of the production undertaken. Some impact on 
the change of ITM in terms of time is exerted also by technical progress, which results in the emergence of new 
techniques and technological productions. Within the areas of groups, one observes an increase in the proportion of 
farms with higher ITM with increasing area of farms. Also, in terms of ESU groups, farms with the largest production 
exhibit the highest value of ITM. 
 
 
Fig. 1. ITM in groups. 
 
Correspondence analysis is a descriptive and exploratory technique which provides information about the structure 
of the relationships between columns and rows of contingency table. Analysis of statistics and graphs proposed by 
this method allows intuitive inference on the relationships occurring between categories of qualitative variables. This 
analysis allows to find points corresponding to each categorical variables with respect to the new reference, which 
allows to determine the relationships between variables of different types (Stanisz, 2008). Figure 2 presents 
coordinates and columns for the variables denoted as surface group and ITM group. 
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Fig. 2. The graph of coordinates and columns for variables denoted as surface group and ITM group. 
 
It can be observed that ITM = 1 and ITM = 3 are located at a huge distance from the vertical axis. The point 
indicating the first surface group GR_P = 1 is in proximity to the point of ITM = 1. On the second axis, one observed 
grouping of ITM = 3 with the fourth surface group GR_P = 4, with simultaneous proximity of third surface group 
GR_P = 3. ITM = 2 corresponds to the second surface group GR_P = 2. 
4. Summary and conclusion 
This study confirmed that changes in production technology related to the modernization of machinery park and 
innovation of farms can be evaluated via the ITM index. Analyses indicate that the most innovative farms, 
characterized by ITM = 3, are farms with the largest area, and simultaneously best equipped with systems. By 
investing, they introduce new production technologies along with new machines. Farms with ITM = 1 are the smallest 
objects and at the same time possessing the least amount of equipment. They buy machines, which they previously 
did not have, to complete the machinery park. Farms of the second group are units which modernize the existing 
equipment by buying new machines to replace older models. They do not change the production technology, but only 
renew the existing equipment.  
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